Introduction

71
When interpreting data generated in alcohol studies, it is often desirable to anchor the 72 findings in blood ethanol (EtOH) concentrations (BECs). This is especially the case when 73 relating relative exposure levels to "binge" consumption levels defined by NIAAA in terms of 74 the BECs produced (> 80 mg %). Although preferably BECs should be determined in each 75 study, sometimes such assessments are not feasible, and estimated BECs are utilized. In human 76 studies, estimated BECs are typically derived using a conversion-factor-based formula based on 77 the consumed volume, body weight, and sex (Pizon et al., 2007) . In rodent studies, when bloods 78 are not collected for BEC determinations, BECs are often roughly estimated by reporting BEC 79 data from other studies observed at seemingly comparable EtOH exposure levels. However,
80
estimates obtained across studies in laboratory animals may not consider critical variables (e.g., 81 administration route, age, sex, etc.) that could potentially influence BECs.
82
The present study assessed the degree to which BECs can be reliably estimated across a 83 variety of such variables. Three different datasets from our lab were analyzed to explore effects (within which EtOH distributes) in youth than in adults (see (Spear, 2007 , Donovan, 2009 ) for 94 discussion). Indeed, based on these considerations, Donovan (2009) recommended that binge 95 drinking among youth be defined as 3 or more drinks in 2 hours for 9-17 year old girls, and 3, 4 96 or 5 drinks within a 2 hr period for 9-13, 14-15 or 15-17 year old boys, respectively. These sex 97 and age differences in threshold number of drinks are in part related to body weight differences, 98 with females generally being lower in weight than males, and body weights increasing across the 99 adolescent period into adulthood. Body weight differences are controlled in rodent studies via 100 routinely expressing EtOH exposures in g/kg body weight. Nevertheless, age and sex of metabolism of EtOH and other drugs than adults (see (Spear, 2007) for review and 105 references). Elimination of EtOH has also been reported to be about 15% more rapid in female 106 than male rats (Robinson et al., 2002) , although differences in BECs after EtOH challenge to 107 males and females are not ubiquitous (e.g., (Goist Jr and Sutker, 1985) ).
108
When estimating BECs, it is also important to consider the pharmacokinetics of EtOH.
109
The timing of peak EtOH concentrations and EtOH clearance are dependent upon many factors, 110 including dose (Wilkinson et al., 1977) , chronicity (Winek and Murphy, 1984) and route of 111 administration (Wilkinson, 1980) . Repeated exposure to alcohol induces various types of 112 tolerance including both functional (Broadwater et al., 2011) and metabolic (Silvers et al., 2003) 113 tolerance. To the extent that metabolic tolerance develops, BECs would be expected to be lower 114 following EtOH challenge in animals with a history of EtOH exposure relative to animals 115 without prior exposure (e.g., (Silveri and Spear, 2001) altering the pharmacokinetics of EtOH (Cederbaum, 2012), a possibility that was also examined.
132
In the present study, two different approaches were used to derive converging evidence 133 for the impact of the various independent variables on BECs in the rat. The first strategy derived 134 conversion factors (CFs) to estimate BECs (eBECs) via dividing each animal's BEC by the 135 amount of EtOH administered or ingested, and using the average of these CFs to derive eBECs 136 that were compared with actual BECs, with additional variables considered as necessary to 137 improve the fit. The second strategy used a modeling approach to build regression models with 7 BEC as the response and other variables in the study (specific to each dataset) as predictor 139 variables.
141
Materials & Methods
142
General Method
143
Subjects.
144
Sprague Dawley rats used to derive these datasets were obtained from our colony at 145 Binghamton University. All rats were culled to 8-10 pups per litter one day after birth (postnatal 
152
Three datasets from our lab were used in the present investigations:
153
Dataset1 was from a study we conducted to explore sex and age effects on BECs at and trunk blood was collected for BEC analysis 10 or 30 minutes later. These data were used to 157 explore the impact of age, sex and post-injection interval on eBEC determination.
158
Dataset2 was derived from a study that examined BECs after administering EtOH 159 solutions varying in caloric content (using either chocolate Boost® or supersac as the vehicle).
160
EtOH was administered via i.g. to adolescent (P33-36) and adult (P75-84) males, and trunk occasions (after days 6 (P33) and 14 (P41)). This dataset was used to address the impact of sex 172 and age/chronicity on eBECs after voluntary consumption in adolescent rats.
173
Analysis of BECs
174
Depending on the experiment, trunk or tail vein blood samples were collected either 175 following rapid decapitation or after lateral tail vein incision, respectively. Whole blood samples 176 were stored at -80ºC until time of BEC analysis via headspace gas chromatography using a
177
Hewlett Packard (HP) 5890 series II Gas Chromatograph (Wilmington, DE) and procedures in 178 routine use in our laboratory (e.g., see (Broadwater et al., 2011) ). At the time of assay, blood 179 samples were thawed and 25 μl aliquots were placed in airtight vials, which were then placed in 180 an HP 7694E Auto Sampler that heated each vial for 8 minutes prior to extracting and injecting a 181 1.0 ml sample of the gas headspace into the gas chromatograph. EtOH concentrations in each 182 sample were determined using HP Chemstation software, which compares the peak area under Table 1 provides a summary of all CFs per dataset and the eBECs that corresponded. suggesting that BECs were significantly higher at the 10 min (119.5 ± 1.9 mg/dl) relative to the 256 30 min (95.6 ± 2.8 mg/dl) time point (see Supplemental Table 1 ).
257
CFs and eBECs Table 2 ).
281
According to higher at 4 g/kg (147.7 ± 6.1 mg/dl) than at 2 g/kg (75.2 ± 4.4 mg/dl). All three time points Table 2 ).
295
CFs and eBECs
296
Averaging across all animals in this dataset, one CF (37) was calculated and used to . We also examined two-way interactions among the predictor variables. Using a Box-
326
Cox transformation on the response, a square root transformation for the BEC values was done.
327
Variable selection using BIC based stepwise approach identified the following predictors as 328 significant predictor variables at a 5% significance level (see Table 3a ).
329
Thus, according to Table 3b ).
360
Thus, according to found to be significant while in the remaining model, the age and time interaction was not 371 significant but the rest of the variables from the final model were significant. In three out of four 372 models where the age and time interaction was not significant, the main effect of age became 373 significant. These data provide evidence for reasonable robustness of the model.
375
Dataset3 -CFs and estimated BECs after voluntary ingestion
376
BECs
377
The repeated measure ANOVA of the intake data collected on days 6 and 14 revealed no 378 significant effects, whereas the ANOVA of the BEC data on these days revealed a main effect of 379 day (F (1, 28) =4.498; p<0.05). BECs on day 14 (61.9 ± 6.2 mg/dl) were significantly lower than 380 those on day 6 (84.2 ± 8.6 mg/dl) (See Supplemental Table 3 ).
381
382
Given that this data set included intake and BEC samples on two days for each animal, a 8.6 mg/dl; eBEC = 83.9 ± 5.1 mg/dl; P41: BEC = 61.9 ± 6.2 mg/dl; eBEC = 57.9 ± 3.1 mg/dl). based stepwise approach identified sex and mean daily intake on P41 day as a significant 401 predictor variable for predicting BEC values on P41 day at a 5% significance level (see Table 4 ).
402
Hence, according to were inconsequential upon CF outcomes. Despite the robustness of these eBEC calculations 415 against variation in age and sex, eBECs were critically dependent on dose (Dataset2) and post-416 administration-to sample collection timing (Datasets 1 and 2) . In an adolescent drinking sample 417 (Dataset3), chronicity also affected accuracy of eBEC estimates via CF analysis, a factor that is 418 rarely considered when deriving eBECs in either human or laboratory animals.
419
With regard to the regression analyses, Dataset1 only revealed an effect of time point.
420
This finding was similar to the CF analysis. , and the reported more rapid absorption/diffusion rate from the stomach after i.g.
451
EtOH in females than males (Robinson et al., 2002 of BEC collection, most likely during the absorption phase before peak BEC was achieved.
493
Moreover, although EtOH was administered at the same time of day for all subjects in Dataset2, 494 another limitation is that the presence of food in the GI tract was not controlled which could have 495 obscured modest differences in EtOH pharmacokinetics between the two different vehicles.
496
Finally, the weight X vehicle and age X vehicle interactions in the method 1 regression analysis 497 did not reveal at which time point did weight mattered most and for which age group.
498
Because the datasets each used a different method of administrating EtOH and were
499
conducted at different times, statistical comparisons across studies were not conducted.
500
However, inspection of the summary data across these studies (see Table 1 
